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Abstract 
This contribution deals with a numerical solution of a centrifugal impeller's prime geometry. A numerical description 
of impeller's geometry is transformed into a 3D CAD software. The numerical solution is based on a one - 
dimensional theory with a correction to a finite blade count. The proposed prime geometry is supposed to be tested 
through a CFD simulation. The aim of the CFD simulation is to optimize the prime geometry of a pump. The 
numerical solution of the prime geometry varies according to specific speeds and a shape of the impeller's main 
streamline. An interface between the numerical solution and 3D CAD program is provided by a text document. Some 
examples of impellers with different specific speeds are being shown in the paper. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of  
Sumy State University 
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1. Introduction 
Problems of a hydraulic design of centrifugal pumps have been discussed in many works e.g. [1], [2] 
and [3]. In these works the hydraulic design of centrifugal pumps is based on a theory of the one-
dimensional streaming with a correction to a finite blade count. Authors of works [4] and [5] emphasized 
the utility of a synergy of hydraulic design's methods based on an assumption of the one-dimensional 
flow model and CFD simulation, which is based on an assumption of three-dimensional streaming. 
Results of the CFD simulation give information e.g. about an internal flow pattern in a pump and they 
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may provide verification of a performance characteristic of the pump, which was designed according to 
one-dimensional method. 
2. The geometry design 
The term hydraulic design of the pump's geometry stands mainly for a design of pump's dimensions. 
The dimensions of the impeller are defined in a meridional cut (Figure 1) and in three blade cuts (Figgure 
2). The hydraulic design has been automated. It means that all calculation related to projecting of pump's 
hydraulic parts have been included in a computational program. A computational algorithm consists of a
few steps. Each step is primarily carried out by the program, but a designer can adjust parameters, which 
were designed by the program according to an actual requirement. It means, that one of the features of 
this approach to the hydraulic design is the ability of the designer to "communicate" with the 
computational program. The computational program was closer characterized in the work [4]. 
The basic requirements on the hydraulic design are nominal performance parameters - nominal flow-
rate (Qn), specific energy (Yn) and nominal revolution per minute (nn). To other boundary conditions of 
hydraulic design belong values of some geometrical parameters of the meridional cut. The pump's 
dimensions are designed according to these input parameters. The dimensions of the meridional cut are 
shown in the Figure 1. 
  
Fig. 1. The main dimensions of the meridional cut 
The result of the hydraulic design is strongly influenced by specific speeds of the designed pump. The 
specific speeds are evaluated through a coefficient of the specific speeds (nb) defined by Eq. (1).  
4/3Y
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nnb ⋅=  ,                                                             (1) 
199 Peter Hlbocan and Michal Varchola /  Procedia Engineering  39 ( 2012 )  197 – 203 
where: n - the nominal rotating per second, [s-1]; Q - the nominal flow-rate, [m3 / s]; Y - the nominal 
specific energy, [J / kg]. 
Pumps with a value of nb lower than 0,1 are designed as radial turbomachines. The radial impeller is 
characterized by smaller leading edge angle (Ȗ1). It's value is usually smaller than 45 degrees. The angle 
of trailing edge (Ȗ2) is usually 0 degrees, the front shroud angle (įA) is usually smaller than 10 degrees 
and the rear shroud angle is equal to 0 degrees. Pumps with the value of nb over 0,1  are assumed as semi-
axial (mixed-flow). For this category of pumps is typical, that the value of leading edge angle (Ȗ1) is 
usually in range between 45 deg and 75 deg and the value of trailing edge angle is usually in range 
between 5 and 35 deg. The values of angles įA(B) are in all cases greater than 0 degrees. The geometrical 
constraints (couplings)  between the  geometrical elements of the meridional section are also typical for 
each interval of nb values. For this reason, the computational program comprises four different algorithms 
of hydraulic design of an impeller. Each of these algorithms is suitable for different group of impellers, 
which differ from each other by value of the coefficient nb. 
3. The meridional cut design 
The design of the meridional cut consists of design of three streamlines (A-A, B-B, S-S (Figure 2)) and 
of few blade cuts in a meridional plane. These cuts are drawn in the meridional section as lines with an 
inclination of a value Ȗ . The shape of the streamlines is defined by axial coordinates (z) and radial 
coordinate (R) (Figure 2). The algorithm of the meridional cut design differs in a case of the radial 
impeller from the algorithm for designing the semi-axial impeller. In the case of a radial impeller, angles 
Ȗ1 and įA are estimated as first.  Values of radius Ra and radius Rd depend on values of angles Ȗ1, įA and 
on geometrical constraints between the leading edge and streamlines A-A and B-B. These conditions 
define the shape of the meridional cut. After that, the shape of the main streamline S-S have to be 
expressed mathematically. In the case of a radial impeller it has to consist of an arc segment and a line 
segment. The blade cuts are going to be designed according to requirement on linear decrease of angle Ȗ
from value Ȗ1 (the inlet value) to Ȗ2 (the outlet value). The final shape of streamlines A - A and B - B 
consists of arc segments and line segments.  
The design of the meridional cut of a semi-axial impeller is strongly influenced by the shape of the 
main streamline S - S . Therefore the design of the meridional cut of the semi-axial impeller begins with a 
design of the main streamline. The semi-axial impeller with value of nb lower than 0,15 has a streamline, 
which consists of an arc and a line segment. In case of impellers with higher specific speeds the main 
streamline shape is expressed as a continues curve, defined by one of the Eq. (2)  resp. (4). 
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where:d1  -the inlet diameter, [m]; d2 - the outlet diameter, [m]; į - the coefficient defined by Eq. (3), [ - ]; 
z - the axial distance between reference point and calculated point, [m]; zd1 - the axial distance between 
reference point and impeller's inlet, [m]; zD  - the axial length between inlet and outlet, [m]. 
( )
180
11155,85 πδ ⋅⋅−= bn ,                                                                                                           (3) 
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where: r1 -the inlet perimeter, [m]; r2  - the outlet perimeter, [m]; z - the axial distance between 
reference point and calculated point, [m]; zd1 - the axial distance between reference point and impeller's 
inlet, ȜSS – angle defined by Eq. (5), [m]. 
( ) 'ln62 knbss −⋅−=λ ,               (5) 
where: k' - the constant defined by a designer, [°]. 
Similarly as in case of the radial impellers, streamlines A - A, B - B consist of arc and line segments. 
The theoretical shape of both streamlines is estimated as first. The theoretical shape is designed according 
to assumption of constant meridional velocity along whole width of the blade cut in the meridional plane. 
Then the theoretical shape is replaced by arc and line segments due to the simplicity of the streamlines' 
shape. The connection of these segments must yield a requirement on tangency between the line and the 
arc segment.  
4. The blade cuts design 
The blade shape is defined by three blade cuts. These blade cuts are shown in the Figure 2. 
Fig. 2. The meridional and blade cuts 
The final shape of the blade cuts are strongly influenced by values of blade angles at the inlet (ȕ1) and 
at the outlet (ȕ2). The next factor influencing the course of the blade cuts is a hypothesis, according to 
which the distribution of blade angles (ȕ) between the inlet and outlet is calculated. The blade angles ȕ1
and ȕ2 are being calculated iteratively according to Eq. (6) and (7). 
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where:cm1 - the meridional velocity at the inlet, [m / s]; ț - the value of the entry shock, [ - ]. 
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where: u2 - the peripheral velocity at the outlet, [m / s]; ıY - the correction factor to the finite blade 
count, [ - ]; Șh - the hydraulic efficiency, [%]; Y - the required nominal specific energy at the outlet of the 
impeller, [J / kg]; cm2 - the meridional velocity at the outlet, [m / s]; ȕ1 - the inlet blade angle, [°]; ȕ2 - the 
outlet blade angle, [°]; b1 - the width of the meridional cut  at the inlet, [m]; b2 - the width of the 
meridional cut  at the outlet, [m]; ĳ1 - the contraction coefficient at the inlet, [ - ]; ĳ2 - the contraction 
coefficient at the outlet, [ - ]. 
The correction factor (ıY) is being calculated according to the Strycek's method. This method is 
explained in the work [1]. There are additional nine methods for correction to the finite blade count.
The course of the blade angle (ȕ) along the main streamline S - S is designed according to one of  
hypothesis 1 - 4.  
• Hypothesis of the linear distribution of tangent of the blade angle (ȕ) along the main streamline 
(S-S). 
• Hypothesis of the linear distribution of the relative velocity along the main streamline (S-S). 
• Hypothesis of the sine distribution of the blade angle (ȕ) along the main streamline (S-S). 
• Hypothesis of the linear distribution of the pressure according to growing diameter. 
The fourth hypothesis is based on experimental research. The results of this research was published in 
[6]. According to these results, the pressure (p) in an impeller is distributed linearly according to diameter 
(Figure 3a).  Also results of CFD simulation acknowledge the relevance of this hypothesis (Figure 3b).
                        
 a)                                                                      b) 
Fig. 3. (a) The distribution of the static pressure in the impeller's channel obtained experimentally [6], (b) The distribution of the 
static pressure in the impeller's channel obtained by CFD simulation 
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The course of the blade angle (ȕ) along streamlines S-S, B - B depends on the shape of the meridional 
cut. It yields the requirement on the line shape of the blade cut in the meridional plane. Values of the 
blade angle (ȕ2) at the outlet of both streamlines A - A, B - B are calculated similarly to the case of the 
main streamline (S - S). 
In case of radial impeller with low specific speeds it is possible to design the very same shape of the 
blade cuts A - A, B - B as the blade cut along the main streamline (S - S). It means that the blades of the 
impeller should be 2D twisted. 
5. The impeller's solution in 3D environment 
Results of the hydraulic design consist of designed parameters of the meridional cut and the blade cuts. 
These results can to be written into an excel file or into a text file. These files contain tables with designed 
parameters of the pump. They are interfacial files, which make connection between the computational 
program and a commercial 3D CAD software. Up until now, we have used program CATIA for this 
purpose. The pump's geometry was pre-modeled in program CATIA. Impeller's geometry must be pre 
created with respect to preservation of all geometrical constraints of the impeller. Dimensions of the 3D 
model are parameterized. It means, that all impeller's parameters can be refreshed according to data, 
which are contained in files with results of calculation. So the 3D model of the new impeller is obtained 
after refreshing dimensions of the prepared impeller. The hydraulic design's algorithm varies according to 
specific speeds of the designed pump. Due to these differences we need special 3D models of impellers 
corresponding to each assigning algorithm. In general, we use four different 3D models. They differ from 
each other by shape of the meridional cut and the shape of blade cuts. First model belongs to an impeller 
with 2D twisted blades, second 3D model belongs to the radial impeller with 3D twisted blades and last 
two models belong to both categories of the semi-axial impeller. 
It’s necessary to testify the deigned pump. The purpose of testifying is to verify the performance 
characteristics of the impeller. Among others, the really important parameters to testify are optimal flow–
rate, optimal specific energy, shape and stability of Q – Y curve, maximal efficiency, NPSH etc. CFD 
simulation seems to be a suitable tool to evaluate these characteristics. According to results of CFD 
simulation it’s possible to make some steps, which shall lead to improvement of the hydraulic 
characteristics of the pump. 
6. Conclusion 
The numerical solution of the impeller’s prime geometry by using the computational program seems to 
be a fast and successful tool in a process of a pump’s hydraulic design. This approach to the impeller’s 
geometry design combines the own computational program with the commercial 3D CAD software, 
which serves as a tool for the impeller's graphical solution. It’s possible to use the resulting 3D model of 
the impeller, for instance, to create a computational grid for CFD simulation or to make a physical model 
through “rapid prototyping” method. Figure 4 shows some examples of impellers’ 3 D models with 
different specific speeds. The meridional cut of each impeller was proposed according to a specific 
algorithm. Each algorithm respects different constraints between the components of the meridional cut.
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Fig. 4. The impellers with the different specific speeds 
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